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HYBRID CONSTRUCTI ONMA CHINE AND CONTROL APP ARATUS 

THEREOF 



TECHNICAL FIELD 

The present invention relates to a hybrid construction machine such 
as a hybrid excavator for combining an engine and a battery to execute 
various works and a control apparatus thereof. 

BACKGROUND OF THE INVENTION 

In general, a construction machine such as an excavator is 
constructed such that a hydraulic pump is driven by means of an engine to 
drive an actuator with the hydraulic pressure, but with this construction, 
fuel efficiency thereof is poor and environmental problems such as noise, 
exhaust gas and the like occur, because works are executed while the engine 
output is largely varied correspondingly to large variation in load under 
work. 

Therefore, in recent years, hybrid construction machines and control 
apparatuses thereof (Japanese Unexamined Utility Model Publication No. 
Hei 5-48501, Japanese Unexamined Patent Publication No. Hei 10-42587, 
etc.) have been developed and suggested, in which the engine is connected to 
an electric motor or a power generator to convert a part or whole of the 
engine output into electric power, power remaining in working with a light 
load is charged into a battery and the power is withdrawn from the battery 
to use in working with a heavy load. With this construction, for example, as 
shown in Fig. 12, because varying part of work load (work energy) could be 
smoothed by means of charge and discharge of the battery, variation of the 
engine output could be suppressed as small as possible even when the work 
load (work energy) is largely varied, to thereby realize improvement of the 
fuel efficiency and reduction of noise and exhaust gas. 

However, in the above conventional construction, because the electric 



motor could not be driven when power could not be obtained from the power 
generator or the battery due to breakdown of the engine, the power 
generator, the battery and the like, operations after that time could not be 
executed. Therefore, for example, if the excavator is out of order when a 
boom is in a raised state, the boom stops in the raised position, the 
excavator must be left in this state until repair of the excavator is completed, 
and thus, safety could be threatened. 

Also, the construction machine, specifically, the excavator is required 
to perform various works different in work load, such as excavating, making 
even, sloping a bank, scattering and the like. Therefore, unless a 
relationship among the kinds of works described above, the engine output 
and the charged state of the battery is considered, there occur problems 
such as waste of energy, deterioration of the battery, reduction of work 
efficiency and the like. 

Therefore, a first object of the present invention is to provide a hybrid 
construction machine capable of assuring safety thereof by emergently 
driving electric motors when power cannot be obtained from a power 
generator or a battery due to breakdowns thereof. 

A second object of the present invention is to provide a control 
apparatus of a hybrid construction machine capable of preventing 
deterioration of batteries due to excessive charge or discharge when 
executing various works different in load. 

A third object of the present invention is to provide a control 
apparatus of a hybrid construction machine capable of suppressing 
reduction of work efficiency while preventing deterioration of batteries due 
to excessive discharge as small as possible. 

SUMMARY OF THE INVENTION 

The present invention provides a hybrid construction machine 
constructed to drive electric motors by means of power of a power generator 



to be driven by an engine, power of a main battery and power of an auxiliary 
battery to be charged with the power of the power generator, comprising a 
switch for switching to drive the electric motors by means of normal power 
of at least one of the power generator and the main battery in a normal 
operation state and to drive the electric motors by means of auxiliary power 
of the auxiliary battery in an emergent operation state that the electric 
motor can not be driven by means of the normal power. 

According to the above construction, because when the electric motors 
are not supplied with the normal power due to breakdowns of the power 
generator or the main battery in the normal operation, the electric motors 
can be driven by means of the auxiliary power from the auxiliary battery by 
switching to the auxiliary battery using the switch, to thereby execute the 
emergent operation, the construction machine can be moved in a safe region 
or restored in a safe pose to ensure safety and then parts out of order 
thereof can be repaired. 

Also, the hybrid construction machine according to the present 
invention comprises an actuator-selecting switch for selecting the electric 
motors to be driven by means of the auxiliary power in the emergent 
operation. As a result, because only the electric motor selected by the 
actuator-selecting switch is driven by means of the auxiliary power, an 
auxiliary battery having a capacity smaller than that of the main battery 
required to drive many electric motors at the same time can be employed. 
Therefore, because the auxiliary battery can be minimized, enlargement of 
the construction machine due to equipment of the auxiliary battery can be 
suppressed as small as possible. Also, because undesired operations due to 
mis-manipulation and the like can be prevented, safety of the construction 
machine can be improved. 

Also, the hybrid construction machine according to the present 
invention is a hybrid excavator. As a result, because the hybrid excavator 
assumes various poses such as the ascent of a boom or an arm and the like, 



the present invention can be suitably employed in a state that the hybrid 
construction machine stops in such poses. 

Also, the present invention provides a control apparatus of a hybrid 
construction machine for executing works by charging a battery with power 
of a power generator to be driven by an engine and then driving electric 
motors by means of power discharged from at least the battery, the control 
apparatus comprising a generator output control unit for varying power 
output from the power generator in accordance with content of work. 

According to the above construction, because power output from the 
power generator can be varied in accordance with the content of work, large 
power can be output from the power generator in working with a large load 
and small power can be output from the power generator in worldng with a 
small load. Also, because work load is proportional to the power 
consumption of the electric motors, large power is discharged from the 
battery in working with a large load and small power is discharged from the 
battery in working with a small load. Therefore, power discharged from the 
battery is increased or decreased correspondingly to the load in working 
with a predetermined content of work, power output from the power 
generator is increased or decreased correspondingly to the load and thus, 
the amount of charge in the battery is increased or decreased, so that the 
battery should not be deteriorated due to excessive charge or excessive 
discharge thereof. 

Also, the control apparatus according to the present invention 
comprises a manipulating lever to be manipulated by an operator, and a 
work determination unit for determining the content of work on the basis of 
manipulating signal from the manipulating lever and outputting the content 
of work to the generator output control unit. As a result, because the 
content of work can be determined and recognized on the basis of the 
manipulating signal of the manipulating lever, labor that the operator 
appoints the content of work can be omitted. 
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Also, the control apparatus according to the present invention 
comprises a work mode switch with which the content of work can be 
appointed by an operator, and a switch detection unit for detecting the 
content of work appointed with the work mode switch and outputting the 
content of work to the generator output control unit. As a result, because 
the content of work appointed with the work mode switch can be recognized 
with high reliability, excessive charge and discharge of the battery due to 
mis-recognition and the like can be surely prevented. 

Also, the present invention provides a control apparatus of a hybrid 
construction machine for executing works by charging a battery with power 
of a power generator to be driven by an engine and driving electric motors 
by means of power of at least one of the power generator and the battery, 
comprising a work speed regulation unit for regulating work speed in 
accordance with content of work when the power of the power generator is a 
predetermined value or less, so that power consumption of the electric 
motors is in a range not to cause excessive discharge of the power generator. 

According to the above construction, when power of the power 
generator to be driven by the engine is a predetermined value or less such 
as in a state that the engine stops or in an idling state, a predetermined 
time delay occurs until the engine is driven sufficiently to obtain sufficient 
power from the power generator. During the delayed time, each work in the 
content of work is executed using power discharged from the battery. 
Therefore, in working with a large work load, executing the work at normal 
work speed causes deterioration of the battery due to excessive discharge, 
but according to the above construction of the present invention, because the 
work speed regulating unit regulates the work speed in accordance with the 
content of work such that the excessive discharge of the battery can be 
prevented, the battery can not be deteriorated due to the excessive 
discharge. 



Also, because the work speed is regulated in accordance with the 
content of work so that power consumption of the electric motors is in a 
range not to cause the excessive discharge, the work speed of the respective 
contents of work can be set up to a maximum value in a range not to cause 
the excessive discharge. Therefore, because in working with a small work 
load, the work can be executed at a speed substantially equal to the normal 
work speed, work efficiency greater than that in the conventional case that 
the work speed is kept constant regardless of the content of work can be 
improved, to thereby suppress reduction of the work efficiency due to 
regulation of the work speed as small as possible. 

Also, the control apparatus according to the present invention 
comprises a manipulating lever to be manipulated by an operator, and a 
work determination unit for determining the content of work on the basis of 
manipulating signal from the manipulating lever and outputting the result 
to the work speed regulation unit. As a result, because the content of work 
can be determined and recognized on the basis of the manipulating signal 
from the manipulating lever, labor that an operator appoints the content of 
work can be obviated. 

Also, the control apparatus according to the present invention 
comprises a work mode switch with which the content of work can be 
appointed by an operator, and a switch detection unit for detecting the 
content of work appointed with the work mode switch and outputting the 
result to the work speed regulation unit. As a result, because the content of 
work appointed with the work mode switch can be recognized with high 
reliability, excessive discharge of the main battery due to mis -recognition 
can be surely prevented. 

Also, the hybrid construction machine including the control 
apparatus according to the present invention is a hybrid excavator. As a 
result, the present invention can be suitably applied to a hybrid excavator 



for executing various contents of work of which load is varied within a great 
range. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig.l is a block diagram showing a control apparatus of the hybrid 
excavator; 

Fig.2 is a flow chart showing a selection routine of an actuator; 
Fig.3 is a side view schematically showing the whole hybrid 
excavator; 

Fig.4 is a block diagram showing a control apparatus of the hybrid 
excavator; 

Fig.5 is a flow chart showing an output variation routine; 

Fig.6 is an explanatory view showing load properties of the respective 

works; 

Fig. 7 is an explanatory view showing a relationship between the 
working mode and the generator output; 

Fig.8 is a block diagram showing a driving control system of the 
hybrid excavator; 

Fig. 9 is a block diagram showing a control apparatus of the hybrid 
excavator; 

Fig. 10 is a flow chart showing a correcting routine of manipulating 
signal; 

Fig. 11 is a block diagram showing a driving control system of the 
hybrid excavator; and 

Fig. 12 is an explanatory view showing charging and discharging 
states of a battery in working in a hybrid mode. 



PREFERRED EMBODIMENT OF THE INVENTION 
(FIRST EMBODIMENT) 



Now, a first embodiment of the present invention will be explained 
with reference to Figs.l to 3. Also, although in the following description, a 
hybrid excavator employing a series type hybrid mode will be explained, the 
first embodiment of the present invention may be applied to a hybrid 
excavator employing a parallel type hybrid mode. 

The hybrid excavator which is a hybrid construction machine 
according to the first embodiment, as shown in Fig.3, includes a lower 
traveling body 1, an upper rotating body 2 rotationally provided at upper 
center of the lower traveling body 1, and an excavating attachment 3 
provided at front part of the upper rotating body 2. The lower traveling 
body 1 has a pair of crawler frames 4 arranged at both ends thereof in 
parallel to each other, crawlers 5 rotationally provided around the 
respective crawler frames 4 and in surface contact with the ground, electric 
motors 6, 7 and reduction gears 35, 36 for rotationally driving the crawlers 5. 
The lower traveling body 1 constructed like this drives rotationally and 
separately the respective crawlers 5 in forward and backward directions 
through the reduction gears 35, 36 by means of the electric motors 6, 7 so 
that the whole excavator can advance, retreat, rotate and revolve. 

At upper center of the lower traveling body 1, a rotating shaft 8a is 
provided perpendicular to the lower traveling body 1. In upper portion of 
the rotating shaft 8a, a rotating frame 8 constructing a part of the upper 
rotating body 2 is rotationally provided. On upper surface of the rotating 
frame 8, a cabin 9 to be an operating room for an operator and a machinery- 
receiving unit 41 covered with a protective cover 40 are provided and also, a 
boom 17 of the excavating attachment 3 and one end of a boom cylinder 18 
are provided to be pivotable vertically. 

Within the machinery-receiving unit 41, a rotating electric motor 13 
and a reduction gear 14 are provided and also, an integral type boom 
actuator Al including a boom electric motor 15 and a boom pump 16 as one 
body is provided. The rotating electric motor 13 drives the rotating frame 8 
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through the reduction gear 14 to revolve around the rotating shaft 8a. Also, 
the integral type boom actuator Al is connected through hydraulic pipe not 
shown to the boom cylinder 18 and make a cylinder rod of the boom cylinder 
18 advance and retreat with hydraulic pressure, to thereby make move up 
and down a front end (the other end) side of the boom 17. 

At the front end of the boom 17, an arm 19 is rotationally provided. 
At the front end of the arm 19, a bucket 21 is rotationally provided. Also, 
the boom 17 and the arm 19 are connected through an arm cylinder 20 to 
each other, and the arm 19 and the bucket 21 are connected through a 
bucket cylinder 22 to each other. At these cylinders 20, 22, an integral type 
arm actuator A2 and an integral type bucket actuator A3 are provided, 
respectively, and electric motors 23, 25 and pumps 24, 26 are incorporated 
as one body to construct the respective actuators A2, A3. The respective 
actuators A2, A3 make cylinder rods of the cylinders 20, 22 move forward 
and backward by the hydraulic pressure and thus, the arm 19 and the 
bucket 21 pivot up and down, respectively. 

Also, in the above machinery-receiving body 41, an engine 10, a power 
generator 11 for generating AC power corresponding to rotational speed 
(output of engine) of the engine 10, a main battery 12 used in normal 
operation and an auxiliary battery 42 used in emergent operation in which 
the main battery 12 cannot be used are provided, in addition to the rotating 
electric motor 13 and the integral type boom actuator Al. Also, a secondary 
battery capable of repeatedly being charged with and discharging power 
such as a Pb storage battery or nickel hydrogen storage battery is employed 
in both of the batteries 12, 42. 

As shown in Fig.l, the power generator 11 is connected to a motor 
controller 37 of the control apparatus. The motor controller 37 is connected 
to the various electric motors 6, 7, 13, 15, 23, 25 described above and 
connected through a switch 43 to the main battery 12 and the auxiliary 
battery 42. The switch 43 comprises 3 switching parts 43a~43c for bi- 



directionally switching, wherein two switching parts 43a, 43b are used for 
charging and stopping the main battery 12 and one switching part 43c 
remained is used for switching between discharge from the main battery 12 
and discharge from the auxiliary battery 42. The switch 43 is set up such 
that at the time of normal operation, the switching parts 43a~43c all 
connect the main battery 12 and the motor controller 37 to each other and 
such that at the time of emergent operation, the switching parts 43a, 43b 
are separated from the main battery 12 and the switching part 43c is 
switched to connect the auxiliary battery 42 and the motor controller 37 to 
each other. Also, switching manipulation of the switch 43 may be executed 
manually by an operator and may be executed automatically when defect 
such as a drop in electric power is detected. 

The motor controller 37 described above has various control functions 
such as a function of a power converter (a function of an inverter) for 
converting AC power from the power generator 11 into DC power or 
converting DC power from the battery 12, 42 into AC power, a function of 
driving the electric motors for outputting AC power obtained by means of 
convertion from, for example, the main battery 12 to the respective electric 
motors 6, 7, 13, 15, 23, 25 on the basis of manipulating signal from a 
manipulating lever 45, a function of normal charge for charging the main 
battery 12 with power generated from the power generator 11 and a 
function of revival charge for charging the main battery 12 with revival 
power generated from the respective electric motors 6, 7, 13, 15, 23, 25, and 
also, has a function for detecting amount of charge in the main battery 12, 
amount of generation in the power generator and the like. Therefore, the 
control functions can be arbitrarily executed on the basis of amount of 
charge in the main battery 12, amount of generation in the power generator 
11 and the like. 

Also, the motor controller 37 has a battery-switching detection body 
52 and an actuator-switching body 53. The switch 43 is connected to the 
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battery-switching detection body 52 and thus, the battery-switching 
detection body 52 detects connecting states of the respective switching parts 
43a~43c in the switch 43 and outputs it to the actuator-switching body 53 as 
switching detection signal. Also, the actuator-switching body 53 is 
connected with the manipulating lever 45 and the actuator-selecting switch 
54, in addition to the battery-switching detection body 52. The 
manipulating lever 45 and the actuator-selecting switch 54 are provided in 
the cabin 9 shown in Fig.3 and outputs the manipulating signal 
corresponding to amount of manipulation by the operator. Also, the 
actuator-selecting switch 54 is used in operator's appointing the electric 
motors that can be driven by means of power of the auxiliary battery 42. 

As described above, the actuator- switching body 53 to which signal is 
input from the respective units 45, 52, 54 monitors the switching detection 
signal from the battery-switching detection body 52 while executing an 
actuator-selecting routine, makes all electric motors 6, 7, 13, 15, 23, 25 
operate when connection to the main battery 12 is recognized, and makes 
only the specific electric motors selected by the actuator-selecting switch 54 
operate when connection to the auxiliary battery 42 is recognized, on the 
basis of the signal. 

In the above construction, operation of the hybrid excavator will be 
explained hereinafter. 

When power is input to the motor controller 37 and the engine 10 is 
driven, by executing starting manipulation such that the operator in the 
cabin shown in Fig.3 has the operating key turned, the motor controller 37 
first recognizes amount of charge in the main battery 12. If the amount of 
charge is insufficient, AC power generated from the power generator to be 
driven by the engine 10 is converted into DC power to charge the main 
battery 12. Also, if the amount of charge is excessively insufficient, output 
(rotational speed) of the engine 10 is increased and thus, the amount of 
generation from the power generator 12 is increased, to promptly charge the 



11 



main battery 12. On the other hand, if the amount of charge is sufficient, 
the output (rotational speed) of the engine 10 is in an idling state in which 
the output is minimum or the engine 10 is made to stop, to thereby prevent 
excessive charge of the main battery 12 and then, to stand by until 
manipulating signal is input from the manipulating lever 45. 

Next, when the operator manipulates the manipulating lever 45 to 
execute a predetermined work, manipulating signal corresponding to 
amount of manipulation is output from the manipulating lever 45. The 
manipulating signal is input to the actuator-switching body 53 of the motor 
controller 37. At that time, the actuator-switching body 53 monitors 
connecting state (selecting state) of the switch 43 on the basis of switching 
detection signal from the battery-switching detection body 52 while 
executing an actuator-selecting routine of Fig.2 (Si). When connection to 
the main battery 12 is recognized (SI, YES), the respective electric motors 6, 
7, 13, 15, 23, 25 are driven by manipulation amount corresponding to the 
manipulating signal from the manipulating lever 45, so that the content of 
work is executed using the normal power from the main battery 12 or the 
power generator 11 (S2). 

Next, when the normal power cannot be supplied to the electric 
motors 6, 7, 13, 15, 23, 25 due to breakdown of the engine 10, the power 
generator 11, the main battery 12 and the like under work, the boom 17 or 
the arm 19 of Fig.3 stops in the course of working. For example, when the 
boom stops in a pose pivoted upward, the boom 17 can suddenly go down by 
its own weight in repairing wrong parts and thus, workers may lay in very 
dangerous situation. Also, when the excavator stopped on a slope, workers 
handles with repairing apparatuses in a sloped state that balance of the 
excavator is not good and thus, the workers may have a heavy burden. 

Accordingly, an operator switches connection of a switch 43 from the 
main battery to the auxiliary battery in stopping under work, so that 
auxiliary power of the auxiliary battery can be supplied to the respective 
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electric motors 6, 7, 13, 15, 23, 25 via a motor controller 37. When 
connection of the switch 43 is switched, the battery-switching detection body 
52 for detecting connection thereof outputs the switching detection signal to 
an actuator-switching body 53. If the actuator-switching body 53 recognizes 
connection to the auxiliary battery on the basis of the detection signal (SI, 
NO), selection signal is introduced from the actuator-selecting switch 54 and 
it is determined whether operation of a boom 17 is selected or not on the 
basis of the selection signal of the actuator-selecting switch 54(S3). For 
example, in a case that the boom 17 stops in a pose pivoted upward, if an 
operator selects "boom selection" in the actuator-selecting switch 54, it is 
determined that the boom 17 is selected (S3, YES) and only the electric 
motor 15 for boom is driven by means of power from the auxiliary battery 42 
(S4). Thus, the operator can manipulate a manipulating lever 45 to get the 
boom 17 down to a safe position, and even if the operator makes a mistake 
in manipulating, there is no case that undesired operation is caused in the 
excavator. 

Also, when the boom 17 is not selected (S3, NO), it is determined 
whether the arm 19 is selected or not (S5). If the arm 19 is selected (S5, 
YES), only the electric motor 23 for arm is driven (S6), and if the arm 19 is 
not selected (S5, NO), it is determined whether the bucket 21 is selected or 
not (S7). If the bucket 21 is selected (S7, YES), only the electric motor for 
bucket 25 is driven (S8), and if the bucket 21 is not selected (S7, NO), it is 
determined whether rotating operation is selected or not (S9). If the 
rotating operation is selected (S9, YES), only the electric motor for rotating 
operation 13 is driven (S10) and if the rotating operation is not selected (S9, 
NO), it is determined whether traveling operation is selected or not (Sll). If 
the traveling operation is selected (Sll, YES), only the electric motor 6 for 
left-traveling and the electric motor 7 for right-traveling are driven (S12). 

Only the electric motors 6, 7, 13, 15, 23, 25 selected like above are 
driven and thus, after the excavator is moved into a safe region or in a safe 
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pose, detection or repair of parts out of order can be executed. If repairing is 
over, the switch 43 is switched to connection to the main battery 12, and 
thus, the electric motors 6, 7, 13, 15, 23, 25 all can be driven with normal 
power, to execute works normally. 

As described above, the hybrid excavator is constructed to drive the 
electric motor 15 by means of power of the power generator 11 to be driven 
by the engine 10, power of the auxiliary battery 42 and power of the main 
battery 12 to be charged with power of the generator 11. The hybrid 
excavator comprises a switch 43 for switching to drive the electric motor 15 
by means of normal power of at least one of the power generator 11 and the 
main battery 12 in normal operation and to drive the electric motor 15 by 
means of auxiliary power of the auxiliary battery 42. 

According to the above construction, because when normal power is 
not supplied to the electric motor 15 due to breakdown of the power 
generator 11, the main battery 12 and the like in the normal operation, the 
auxiliary battery 42 is connected by the switch 43 so that the electric motor 
15 and the like can be driven by means of auxiliary power from the auxiliary 
battery 42, the construction machine is moved in a safe region or restored in 
a safe pose and then, parts out of order can be repaired. 

Also, the hybrid excavator has an actuator-selecting switch 54 for 
selecting the electric motor 15 to be driven by means of the auxiliary power 
in the emergent operation. Since only the electric motor 15 selected by the 
actuator-selecting switch 54 can be driven by means of the auxiliary power, 
an auxiliary battery having capacity smaller than that of the main battery 
to drive many electric motors 15 and the like at the same time can be 
employed. Therefore, because the auxiliary battery 42 can be minimized, 
enlargement of the excavator due to addition of the auxiliary battery can be 
suppressed as much as possible. Also, it is possible to improve safety by 
preventing undesired operation due to mistake of manipulation. 
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Further, although the construction of the present embodiment and 
constructions of a second embodiment and a third embodiment to be 
described later can be properly applied to a hybrid excavator for assuming 
various poses such as rising of the boom 17 or the arm 19, the present 
invention is not limited to that and can be employed in all hybrid 
construction machines such as a bulldozer or a crane. 

(SECOND EMBODIMENT) 

Now, a second embodiment of the present invention will be explained 
with reference to Figs. 3 to 8. Also, the same reference numeral is attached 
to the same element as that of the first embodiment and the explanation 
thereof will be omitted. 

The hybrid excavator that is a hybrid construction machine according 
to the present invention comprises the motor controller 37, as shown in 
Fig.4. The motor controller 37 is connected to a manipulating lever 45 
provided in the cabin 9 of Fig.3. The manipulating lever 45 is connected to a 
work determination body 46 together with the motor controller 37 and the 
work determination body 46 determines work mode on the basis of a 
manipulating signal from the manipulating lever 45. 

The work determination body 46 is connected to a generator output 
control body 51 constructing a part of the control apparatus and by 
executing an output varying routine of Fig.5, the generator output control 
body 51 controls rotational speed of the engine 10 by means of governor 
control and the like such that output of the power generator 11 corresponds 
to work mode. Also, the generator output control body 51 may control the 
power generator 11, instead of the engine 10, by means of field magnet 
current control and the like. The power generator 11 for outputting power 
corresponding to work mode is connected to the motor controller 37 in the 
work determination body 46. The construction except for the above 
construction is equal to that of the first embodiment. 
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In the above construction, operation of the hybrid excavator will be 
explained hereinafter. 

When power is input to the motor controller 37 and the engine 10 is 
driven, by executing starting manipulation such that the operator in the 
cabin of Fig. 3 has the operating key turned, the motor controller 37 first 
recognizes amount of charge in the main battery 12. If the amount of 
charge is insufficient, AC power generated from the power generator 11 to 
be driven by the engine 10 is converted into DC power to charge the main 
battery 12. Also, if the amount of charge is excessively insufficient, output 
(rotational speed) of the engine 10 is increased and thus, the amount of 
generation from the power generator 12 is increased, to promptly charge the 
main battery 12. On the other hand, if the amount of charge into the main 
battery 12 is sufficient, the output (rotational speed) of the engine 10 is in 
an idling state in which the output is minimum or the engine 10 is made to 
stop, to thereby prevent the excessive charge of the main battery 12 and 
then, to stand by until manipulating signal is input from the manipulating 
lever 45. 

Next, when the operator manipulates the manipulating lever 45 to 
execute a predetermined work, the manipulating signal corresponding to 
amount of manipulation is output from the manipulating lever 45. The 
manipulating signal is input to the motor controller 37 and the work 
determination body 46, respectively. In the motor controller 37, its 
operation is started by using power discharged from the main battery 12 to 
drive the electric motor 6, 7, 13, 15, 23, 25, respectively with the 
manipulating mount corresponding to the manipulating signal. The work 
determination body 46 extracts feature of the manipulating signal and 
determines the work mode. As a method for determining work mode, for 
example, the method disclosed in Japanese Unexamined Patent Publication 
No. Hei 9-217702 can be used. 
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The work mode recognized by the work determination body 46 like 
above is output to the generator output control body 51. At that time, the 
generator output control body 47, while executing an output varying routine 
as shown in Fig.5, receives a work mode signal from the work determination 
body 46 in order to recognize the work mode (content of work) included in 
the work mode signal (S21). As shown in Fig. 7, if the work mode is 
recognized, an output data of the power generator 11 corresponding to the 
recognized work mode is selected from the relation between the work mode 
stored in a memory and the output of the power generator 11. For example, 
when "scattering' is recognized as work mode, the output data of 4kW set up 
correspondingly to the work mode is selected, and when "pushing 
excavation" is recognized as work mode, the output data of 20kW set up 
correspondingly to the work mode is selected. 

Then, rotational speed of the engine 10 corresponding to the selected 
output data is calculated, and the engine 10 is controlled to be at the 
rotational speed (S23). For example, when "scattering" is carried out as 
work mode, power 4kW generated from the power generator 11 is small 
relatively, but since the work mode of "scattering" has light load and 
amount of generation of the main battery 12 is very small, it can be charged 
effectively without excessive charge. Also, when "pushing excavation" is 
carried out as work mode, power 20kW generated from the power generator 
11 is large relatively, but since the work mode of "pushing excavation" has 
heavy load and amount of discharge from the main battery 12 is very large, 
it can be charged effectively without excessive discharge. 

Then, by monitoring work mode signal, manipulating signal and the 
like, it is determined whether work is over or not (S24). If work is not over 
(S24, NO), the engine 10 is controlled to maintain output of the power 
generator 11 selected correspondingly to the work mode described above. If 
work is over (S24, YES), operations are executed again from the step S21 so 
that control corresponding to next work mode can be carried out. 
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As described above, the hybrid excavator is constructed to charge the 
main battery 12 with power of the power generator 11 to be driven by the 
engine 10 as shown in Fig. 4 and comprises a control apparatus which can 
execute works by driving the electric motor 6 and the like with power 
discharged at least from the main battery 12. The control apparatus is 
constructed to have the generator output control body 51 for varying power 
output from the power generator 11 correspondingly to work load in the 
work mode (content of work). 

According to the construction described above, if power output from 
the power generator 11 is varied correspondingly to work load of the work 
mode, large power is output from the power generator 11 when the work 
load is large, and small power is output from the power generator 11 when 
the work load is small. Also, since the work load is proportional to power 
consumption of the electric motor 6 and the like, large power is output from 
the maim battery 12 when the work load is large, and small power is output 
from the maim battery 12 when the work load is small. Thus, when work is 
progressed in predetermined work mode and power output from the main 
battery 12 is increased and decreased correspondingly to the work load, 
power output from the power generator 11 is increased and decreased 
correspondingly to the work load, and thus, amount of charge of the main 
battery 11 is increased and decreased. Therefore, it is sure that the main 
battery 12 cannot be deteriorated due to excessive charge or discharge. 

Also, the above control apparatus is constructed to have a 
manipulating lever 45 to be manipulated by an operator and a work 
determination body 46 for determining work mode (content of work) and 
outputting the work mode to the generator output control body 51 on the 
basis of a manipulation signal from the manipulation lever 45. According to 
this construction, since work mode can be determined and recognized on the 
basis of the manipulating signal of the manipulating lever 45, labor that an 
operator appoints work mode can be reduced. 
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Also, although in the control apparatus according: to the present 
embodiment, the work determination body 46 recognizes the work mode on 
the basis of manipulating signal of the manipulation lever 45, the present 
invention is not Hmited to this example. In other words, as shown in Fig. 8, 
the control apparatus may be constructed to have a work mode switch 49 
with which work mode can be appointed by an operator and a switch 
detection body 50 for detecting the work mode (content of work) appointed 
with the work mode switch 49 and outputting the work mode to the 
generator output control body 51. Also, according to this construction, since 
work mode appointed with the work mode switch 49 can be recognized with 
high reliability, it is possible to prevent excessive charge or discharge of the 
main battery 12 due to mis-recognition (wrong recognition). 

(THIRD EMBODIMENT) 

Now, a third embodiment of the present invention will be explained 
with reference to Fig.3, Fig.6 and Figs.9 to 11. Also, the same reference 
numeral is attached to the same element as that of the first embodiment 
and the explanation thereof will be omitted. 

The hybrid excavator that is a hybrid construction machine according 
to the present embodiment comprises the motor controller 37, as shown in 
Fig.9. The motor controller 37 is connected with a manipulating signal 
system 44 constructing a part of the control apparatus. The manipulating 
signal system 44 has a manipulating lever 45 provided in the cabin 9 of 
Fig.3, a work determination body 46 for determining work mode (content of 
work) on the basis of a manipulating signal from the manipulating lever 45 
and a work speed regulation body 47. 

The work speed regulation body 47 is connected to the manipulating 
lever 45 and the work determination body 46 and connected to a power 
detection body 48 for detecting power consumption of the electric motors 6, 7, 
13, 15, 23, 25. The work speed regulation body 47 executes a manipulating 
signal-correcting routine of Fig. 10, and outputs the manipulating signal 
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correspondingly to the work mode under a predetermined condition to 
prevent the excessive discharge of the main battery 12 while regulating it, 
on the basis of the manipulating signal, the work mode signal, the power 
consumption signal and the like input from the respective bodies 45, 46, 48. 
Also, the work speed regulation body 47 receives the generation-amount 
detecting signal of the power generator 11 from the motor controller 37. The 
construction except for the above construction is equal to that of the first 
embodiment. 

In the above construction, operation of the hybrid excavator will be 
explained hereinafter. 

When power is input to the motor controller 37 ai*d the engine 10 is 
driven, by executing starting manipulation such that the operator in the 
cabin of Fig. 3 has the operating key turned, the motor controller 37 first 
recognizes amount of charge in the main battery 12. If the amount of 
charge is insufficient, AC power generated from the power generator to be 
driven by the engine 10 is converted into DC power to charge the main 
battery 12. Also, if the amount of charge is excessively insufficient, output 
(rotational speed) of the engine 10 is increased and thus, the amount of 
generation from the power generator 12 is increased, to promptly charge the 
main battery 12. On the other hand, if the amount of charge is sufficient, 
the output (rotational speed) of the engine 10 is in an idling state in which 
the output is minimum or the engine 10 is made to stop, and wait until 
manipulating signal is input from the manipulating signal system 44 while 
preventing the excessive charge of the main battery 12. 

Next, when the operator manipulates the manipulating lever 45 to 
execute a predetermined work, the manipulating signal corresponding to 
amount of manipulation is output from the manipulating lever 45. The 
manipulating signal is input to the work determination body 46 and the 
work speed regulation body 47, respectively. The work determination body 
46 extracts feature of the manipulating signal and determines the work 
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mode. As a method for determining: the work mode, for example, the 
method disclosed in Japanese Unexamined Patent Publication No. Hei 9- 
217702 can be used. 

The work mode recognized by the work determination body 46 like 
above is output to the work speed regulation body 47. At that time, the 
work speed regulation body 47, while executing a manipulating signal- 
correcting routine as shown in Fig. 10, outputs the manipulating signal, as it 
is, to the motor controller 37 when the manipulating signal is input from the 
manipulating lever 45. By making the motor controller 37 in a standing by 
state operate the electric motors 6, 7, 13, 15, 23, 25 corresponding to the 
manipulating signal with the amount of manipulation of the manipulating 
signal, various works such as traveling of the excavator, excavating, sloping 
a bank and the like are executed (S31). 

Thereafter, whether the engine 10 is in a stopping state or in an 
idling state is determined on the basis of, for example, generation amount of 
the power generator 11 (S32). When the engine 10 drives the power 
generator 11 at sufficient rotational speed (S32, NO), the works in all work 
mode can be executed without the work speed restricted, using large power 
from the power generator 11 and power from the main battery 12, and thus, 
S31 is re-executed to output the manipulating signal as it is to the motor 
controller 37 and to continue to work. On the other hand, when the engine 
10 is in a stopping state or in a idling state (S32, YES), the power from the 
main battery 12 is mainly used until the engine 10 reaches a predetermined 
rotational speed. Accordingly, to prevent deterioration of the main battery 
12 due to excessive discharge, operations following step S33 are executed. 

That is, the power consumption of the electric motors 6, 7, 13, 15, 23, 
25 is obtained through the power detection body 48 (S33) and sum of the 
power consumption is output(S34). A setting value previously set up to 
prevent the excessive discharge of the main battery 12 is compared with the 
sum value and whether the sum value is the setting value or more is 
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determined (S35). If the sum value is less than the setting value (S35, NO), 
it is determined that damage due to the excessive discharge of the main 
battery 12 does not occur even when works are continued by making the 
respective electric motors 6, 7, 13, 15, 23, 25 operate with the present 
manipulating signal. Accordingly, operations are re-executed from step S31 
and works are continued at a work speed corresponding to the manipulating 
signal from the manipulating lever 45. 

On the other hand, if the sum value of power consumption is the 
setting value or more (S35, YES), a work mode (content of work) input from 
the above work determination body 46 is introduced (S36) and regulating 
value corresponding to the work mode is selected. Also, because load 
variation or load level is different according to the work mode (content of 
work) as shown in Fig. 6, the regulating value corresponding to the work 
mode is set up correspondingly to the respective work modes on the basis of 
reference amount of discharge not to deteriorate the main battery 12. For 
example, in a case of work mode that the load variation or load level is great 
such as traveling or excavating, the regulating value is set up such that the 
rotational speed (work speed) of the electric motors 6, 7, 13, 15, 23, 25 is 
decreased more largely than that in the normal operation. However, in a 
case of work mode that the load variation or load level is small such as 
hanging and the like, the regulating value is set up such that the rotational 
speed (work speed) of the electric motors 6, 7, 13, 15, 23, 25 is decreased a 
little smaller than that in the normal operation (S37). 

If the regulating value corresponding to the work mode, as shown in 
Fig.9, the manipulating signal from the manipulating lever 45 is introduced 
(S38), the amount of regulation is corrected such that the regulating value is 
an upper limit, and then the manipulating signal is output to the motor 
controller 37 (S39). Accordingly, because work is executed at work speed 
(consumed power) of the regulating value even in manipulating the 
manipulating lever 45 to be at maximum speed, deterioration of the main 
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battery 12 due to the excessive discharge does not occur. Also, because the 
regulating values of the respective work modes are set up on the basis of the 
reference amount of discharge, works can be executed at work speed 
substantially equal to the normal work speed in case of work mode that load 
thereof is small. Therefore, reduction of work efficiency in the whole work 
can be suppressed as small as possible. 

Next, whether restriction of the manipulating signal is continued or 
not is determined on the basis of the rotational speed of engine 10, amount 
of generation in the power generator 11 and the like (S40). When the engine 
10 is driven at a sufficient rotational speed and works are executed without 
excessive discharge of the main battery 12 even if the work speed is not 
regulated with amount of generation in the power generator 11 and amount 
of discharge in the main battery 12, it is determined that regulation of the 
manipulating signal is completed (S40, NO). Then, S31 is re-executed and 
the manipulating signal is output to the motor controller 37, as it is, to 
execute the work at the normal work speed. On the other hand, when the 
rotational speed of the engine 10 or power from the main battery 12 is 
insufficient, it is determined that regulation of the manipulating signal is 
continued (S40, YES), and operations are re-executed from step S38 in order 
to prevent deterioration of the main battery 12 due to the excessive 
discharge. By outputting to the motor controller 37 while regulating and 
amount of manipulation, the work is continued at the regulated work speed. 

As described above, the hybrid excavator comprises a control 
apparatus in which the main battery 12 can be charged with power of the 
power generator 11 to be driven by an engine 10 and the electric motor 6 
operates by means of power of at least one of the power generator 11 and the 
main battery 12. The control apparatus has the work speed regulation body 
47 for regulating the work speed correspondingly to the work mode (content 
of work) such that power consumption of the electric motor 6 should not 
cause discharge from the main battery 12 when power of the power 
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generator 11 is a predetermined value or less that causes discharge from the 
main battery 12. 

According to the above construction, when the power of the power 
generator 11 to be driven by the engine 10 is the predetermined as in a state 
that the engine 10 stops or in an idling state, a predetermined time delay 
occurs until the engine 10 is sufficiently driven to obtain sufficient power 
from the power generator 11. During the delayed time, works are executed 
using the power discharged from the main battery 12. Therefore, in 
working with a large work load, executing the work at the normal work 
speed causes deterioration of the main battery 12 due to the excessive 
discharge, but according to the above construction of the present invention, 
because the work speed regulation body 47 regulates the work speed in 
accordance with the content of work so that the excessive discharge of the 
main battery 12 can be prevented, the main battery 12 can not be 
deteriorated due to the excessive discharge. 

Also, because the work speed is regulated correspondingly to the 
content of work such that power consumption of the electric motor 6 is in a 
range not to cause the excessive discharge, the work speed of the respective 
contents of work can be set up to be a maximum value in a range not to 
cause the excessive discharge. Therefore, because in working with a small 
work load, the work can be executed at a speed substantially equal to the 
normal work speed, work efficiency greater than that in the conventional 
case that the work speed is regulated constant regardless of the content of 
work can be obtained, to thereby suppress decrease of the work efficiency 
due to regulation of the work speed as small as possible. 

Also, the control apparatus according to the present invention 
comprises a manipulating lever 45 to be manipulated by an operator, and a 
work determination body 46 for determining the work mode (content of 
work) on the basis of manipulating signal from the manipulating lever 45. 
According to this construction, because the work mode can be determined 
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and recognized on the basis of the manipulating signal from the 
manipulating lever 45, labor that an operator appoints the content of work 
can be obviated. 

Although, in the control apparatus of the present embodiment, the 
work mode is recognized on the manipulating signal from the manipulating 
lever 45 in the work determination body 46, the present invention is not 
limited to this construction. That is, the control apparatus, as shown in 
Fig. 11, may have a work mode switch 49 by which an operator can appoint 
the content of work with, and a switch detection body 50 for detecting the 
work mode appointed with the work mode switch 49 and outputting the 
result to the work speed regulation body 47. In this case, because the work 
mode can be recognized with high reliability, the excessive discharge of the 
main battery 12 due to mis-recognition can be surely prevented. 

Also, in the control apparatus of the present embodiment, S33, S34 
and S35 in the flow chart of Fig. 10 can be omitted. That is, when power 
from the power generator 11 is a predetermined value or less, a function for 
regulating speed correspondingly to the content of work in S36~S40 may be 
performed. In this construction, when the power from the power generator 
11 is a predetermined value or less, the power consumption can be 
suppressed by means of regulation of speed corresponding to the content of 
work, and thus the excessive discharge of the battery can be prevented by 
properly regulating the work speed. Also, according to this construction, the 
power detection body 48 is not necessary and thus, the control system can be 
simplified 

(INDUSTRIAL AVAILABILITY) 

The control apparatus according to the present invention is suitably 
used in a hybrid construction machine required to assure the safety by 
driving emergently the electric motors when power cannot be obtained from 
the power generator or the battery due to breakdown and the like. Also, the 
control apparatus according to the present invention is suitably used in a 
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hybrid construction machine required, when executing various works 
different in load, to prevent deterioration of the battery due to the excessive 
charge or discharge, or to suppress reduction of work efficiency as small as 
possible while preventing deterioration of the battery due to the excessive 
discharge. 
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What is claimed is: 

1. A hybrid construction machine constructed to drive electric motors (6, 
7, 13, 15, 23, 25) by means of power of a power generator (11) to be driven by 
an engine (10), power of an auxiliary battery (42) and power of a main 
battery (12) to be charged with the power of the power generator (11), 
comprising: 

a switch (43) for switching to drive the electric motors (6, 7, 13, 15, 23, 
25) by means of normal power of at least one of the power generator (11) and 
the main battery (12) in a normal operation state and to drive the electric 
motors (6, 7, 13, 15, 23, 25) by means of auxiliary power of the auxiliary 
battery (42) in an emergent operation state that the electric motors (6, 7, 13, 
15, 23, 25) can not be driven by means of the normal power. 

2. The hybrid construction machine according to claim 1, further 
comprising an actuator-selecting switch (54) for selecting at least one of the 
electric motors (6, 7, 13, 15, 23, 25) to be driven by means of the auxiliary 
power in the emergent operation state. 

3. The hybrid construction machine according to claim 1 or 2, wherein 
the hybrid construction machine is a hybrid excavator. 

4. A control apparatus of a hybrid construction machine for executing 
works by charging a main battery (12) with power of a power generator (11) 
to be driven by an engine (10) and driving electric motors (6, 7, 13, 15, 23, 
25) by means of power discharged from at least the main battery (12), 
comprising: 

a generator output control body (51) for varying power output from 
the power generator (11) in accordance with content of work. 
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5. The control apparatus of a hybrid construction machine according to 
claim 4, further comprising: 

a manipulating lever (45) to be manipulated by an operator; and 
a work determination body (46) for determining the content of work 
on the basis of manipulating signal from the manipulating lever (45) and 
outputting the content of work to the generator output control body (51). 

6. The control apparatus of a hybrid construction machine according to 
claim 4, further comprising: 

a work mode switch (49) with which the content of work can be 
appointed by an operator; and 

a switch detection body (50) for detecting the content of work 
appointed with the work mode switch (49) and outputting the content of 
work to the generator output control body (51). 

7. A control apparatus of a hybrid construction machine for executing 
works by charging a main battery (12) with power of a power generator (11) 
to be driven by an engine (10) and driving electric motors (6, 7, 13, 15, 23, 
25) by means of power of at least one of the power generator (11) and the 
main battery (12), comprising: 

a work speed regulation body (47) for regulating work speed in 
accordance with content of work when power of the power generator (11) is 
a predetermined value or less. 

8. The control apparatus of a hybrid construction machine according to 
claim 7, further comprising: 

a manipulating lever (45) to be manipulated by an operator; and 
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a work determination body (46) for determining the content of work 
on the basis of manipulating signal from the manipulating lever (45) and 
outputting the content of work to the work speed regulation body (47). 

9. The control apparatus of a hybrid construction machine according to 
claim 7, further comprising: 

a work mode switch (49) with which the content of work can be 
appointed by an operator; and 

a switch detection body (50) for detecting the content of work 
appointed with the work mode switch (49) and outputting the content of 
work to the work speed regulation body (47). 

10. The control apparatus of a hybrid construction machine according to 
any of claims 4 to 9, wherein the hybrid construction machine is a hybrid 
excavator. 
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As a below named inventor, I hereby declare that: 

My residence, post office address and citizenship are as 
stated next to my name. 

I believe I am the original, first and sole inventor (if 
only one name is listed below) or an original, first and 
joint inventor (if plural names are listed below) of the 
subject matter which is claimed and for which a patent 
is sought on the invention entitled. 

HYBRID CONSTRUCTION MACHINE AND CONTROL 
APPARATUS THEREOF 



the specification of which 
[x~| is attached hereto. 

| [ was filed on 

as United States Application Number or 
PCT International Application Number 

and was amended on 

(if applicable). 



#fFW5t<ffiia^#tf±f3ITIE^©H^lffl*^tt3 t t U 1 hereby state that I have reviewed and understand the 
F^I^^JlilS LTV^&dk&dCI&CiitE^L/icl^o contents of the above identified specification, including 

the claims, as amended by any amendment referred to 
above. 



mnmmmm 37 mm 1 * 56 acsnsns k* 



I acknowledge the duty to disclose information which is 
material to patentability as defined in Title 37, Code of 
Federal Regulation, Section 1.56. 
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mt, *Bffiftl§ 35 §3 119 1| (a) - (d) SXtt365* 

(b) XI^S^^TIB©, *Bwa©^<^fe-Aa 

*S«UTV^5#fF«S*|fett 365 (a) < HBSffi 

bT^*1~o 



Prior Foreign Application^) 

Number Country 

0011-179681 JP 
0011-179683 JP 
0011-179682 JP 



I hereby claim foreign priority benefits under Title 35, 
United States Code, Section 119 (a) -(d) or 365(b) of any 
foreign application^) for patent or inventor's certificate, 
or Section 365(a) of any PCT International application 
which designated at least one country other than the 
United States, listed below and have also identified 
below, any foreign application for patent or inventor's 
certificate, or PCT International application having a 
filing date before that of the application on which 
priority is claimed. 



Month/Day/Year Filed 

June 25 1999 
June 25 1999 
June 25 1999 



Priority Claimed 

YES 
YES 
YES 



?Afc£> m 35 «g*Bffi» 119 0k (e) JB£So^TT83<Z) 1 hereby claim the benefit under Title 35, United States 
*a»WffilBS^fcia«Sn*:*«I*^Clfc*5S^&b* Code > Section 119(e) of any United States provisional 
-j- o application (s) listed below . 



(Application No.) (Filling Date) 

(fflKS^) (ttUHB) 

a b imr^mmmo b *a w * & £tttftt*&ttsii(9i 

ffiB*"ecDWIB*K:A**n&x &#M9Jffi** 37 « l Ife 
V^TSB^SS* 5 * * - k &8fflt bT^ * -To 



(Application No.) (Filling Date) 

(HMHS^) (HUBS) 

PCT/JP00/04073 June 21,2000 



fc±B©erfc<*«*»b*-r. 



(Application No.) (Filling Date) 

(illH#^) (tb«B) 

I hereby claim the benefit under Title 35, United States 
Code, Section 120 of any United States application (s), or 
Section 365(c) of any PCT International application 
designating the United States, listed below and, insofar as 
the subject matter of each of the claims of this application 
is not disclosed in the prior United States or PCT 
International application in the manner provided by the 
first paragraph of Title 35, United States Code Section 
112, I acknowledge the duty to disclose information which 
is material to patentability as defined in Title 37, Code of 
Federal Regulations, Section 1.56 which became available 
between the filing date of the prior application and the 
national or PCT International filing date of application. 
(Status: Patented, Pending, Abandoned) 

om : #¥FSF*m, mmm) 

| | Patented [x] Pending Q Abandoned 

I hereby declare that all statements made herein of my 
own knowledge are true and that all statement made 
on information and belief are believed to be true; and 
further that these statements were made with the 
knowledge that willful false statements and the like so 
made are punishable by fine or imprisonment, or both 
under Section 1001 of Title 18 of the United States 
Code and that such willful false statements may 
jeopardize the validity of the application or any patent 
issued thereon. 
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POWER OF ATTORNEY: As a named inventor, I 
hereby appoint the following attorney(s) and/or 
agent(s) to prosecute this application and transact all 
business in the Patent and Trademark Office 
connected therewith: (list name and registration 
number) 



Normal F. Obion, Registration Number 24,618JMavin J. Spivak, Registration Number C. Irvin McClelland, 
Registration Number 21 , 1 24; Gregory J. Maier, Registration Number_j2jy>9^ Arthur I. Neustadt, Registration 
Number 24,854; Richard D. Kelly Registration Number 27,757; James D. Hamilton, Registration Number 28,421; 
Eckhard H. Kuesters, Registration Number 28 r 870; R obert TTPous, Registration Number 29 L 099^_Charles L. Gholz, 
Registration Numbe r 26,395 ; Vincent J Sunderdick, Registration Number 29. 004 ^William ETBeaumont Registration 
Number 30,996: S teven B. Kelber, Registration Number 30,073;, Robert F. Gnuse, Registration Number 27,295;^ 
Jean-Paul Lavalleye, Registration Number 3 1 ,45 1 ; S tephen G. Baxter, Registration Number 3^884^Martin M. 
Zoltick, Registration Number^SSjJ^^Robert W. Hahl, Registration Number^33,893; Richard L. Treanor, Registration 
NumberJ$£^£22j Steven P. Weihrouch, Registration Number 32,829; John T. Goolkasian, Registration Number 
26,14 2; Marc R. Labgold, Registration Number 34,651: William"?. Healev, Registration Number 36,160; Richard L. 
Chinn, Registration Number 34,305; Steven E. Lipman, Registration Number 30,011: Ca rl E. Schlier, Registration 
Numbe r 34,426; James J. Kulbaski, Registration Number 34,648 ; Catherine B. Richardson, Registration Number 
^39,Di i2^Rjghard A. Neifeld, Registration Number 3^22E; and J. Derek Mason, Registration Number 35,270; and 
Surinder Sachar, Registration Number 34,4^3^vith full powers of substitution and revocation. 



Send Correspondence to: 



OBLON, SPIVAK, M cCLELLAND, MAIER & NEUSTAJDTJLC- 



1775 JEFFERS O N. DAVIS . HIGHWAY 
"ARLINGTON, VIRGINIA~2-22 O^tESA*. 



Direct telephone Calls to: (name and telephone number) 
(703)413-3000 



Full name of sole or first inventor 
Masayuki KAGOSHIMA 



Inventor's signature 



Date 

December 17,2001 



Resident c/o Kobe Corporate Research Laboratories m Kobe Steel, Ltd 5-5, 
Takatsukadai 1-chome, Nishi ku, Kobe-shi, Hyogo 651-2271 Japan .^^^-jxT^ 

Citizenship 
JP 



Post Office Address 
SAME AS ABOVE 



Full name of second joint inventor, if any 



Bit 



Second Inventor's signature 



Date 



Residence 



Citizenship 



Post Office Address 



( Jg- l^O^m^M^l^^X & MMlZBM U Supply similar information and signature for third and 

CL^:) o subsequent joint inventors.) 
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